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Abstract: We explicitly construct N = 10 Chern-Simons gaged supergravity in three
dimensions with non-semisimple gauge group SO(5) ⋉ T10. The gauge group is em-
bedded in E6(−14) which is the isometry group of the 32-dimensional scalar manifold
E6(−14)/SO(10)×U(1). The resulting theory is on-shell equivalent to SO(5) Yang-Mills
gauged supergravity coming from dimensional reduction on S1 of SO(5) N = 5 gauged
supergravity in four dimensions. We discuss the spectrum of the corresponding reduc-
tion. The SO(5)⋉ T10 gauged supergravity, describing the reduced theory, admits a
1
2
-BPS domain wall vacuum solution whose explicit form is also given. This provides
an example of a domain wall in non-maximal gauged supergravity.
Keywords: AdS-CFT Correspondence, Gauge-gravity correspondence, Supergravity
models.
1. Introduction
Chern-Simons gauged supergravity in three dimensions has a very rich structure due to
the duality between scalars and vectors in three dimensions. There are many possible
gauge groups since there is no restriction on the number of vector fields that act as
gauge fields [1, 2], or equivalently, no restriction on the dimension of the gauge group
provided that it can be embedded in the global symmetry group and consistent with
supersymmetry. Any number of vector fields can be introduced via Chern-Simons terms
which do not give rise to extra degrees of freedom. The theory is also useful in the
study of AdS3/CFT2 correspondence, see for example [3] for a nice review.
To understand AdS3/CFT2 correspondence in the context of string/M theory, the
embedding of three dimensional gauged supergravity in ten or eleven dimensions is
required. The usual procedure to obtain lower dimensional supergravities from higher
dimensional theories is the Kaluza-Klein (KK) dimensional reduction. The general U-
duality covariant formulation of three dimensional gauged supergravities is in the form
of Chern-Simons theory in which the gauge fields enter the Lagrangian through the
Chern-Simons terms [4]. On the other hand, dimensional reductions result in Yang-
Mills type gauged supergravity in which gauge kinetic terms are in the form of con-
ventional Yang-Mills terms. The known class of Chern-Simons gauge groups that gives
equivalent Yang-Mills type theory is of non-semisimple type [5]. Any Yang-Mills type
Lagrangian can be rewritten in the Chern-Simons form by introducing two gauge fields
and a compensating scalar for each Yang-Mills gauge field. This makes non-semisimple
gauge groups more interesting in finding effective theories of string/M theory in three
dimensions.
Some embeddings of three dimensional gauged supergravities into higher dimen-
sions have appeared so far. These examples include N = 2, 4, 8, 16 gauged supergravi-
ties from reductions on spheres and Calabi-Yau manifold in [6, 7, 8, 9, 10, 11, 12] and
recently various N = 2 theories from wrapped D3-branes of [13]. In this paper, we
will give another example of this embedding namely N = 10 gauged supergravity with
SO(5) ⋉ T10 gauge group. Due to the above mentioned equivalent between Chern-
Simons and Yang-Mills type gauged supergravities, this should potentially describe
N = 5 gauged supergravity in four dimensions with gauged group SO(5) reduced on
S1. The latter has been constructed in [14]. It has been shown in [15] that the theory
admits two AdS4 critical points, an N = 5 supersymmetric point with SO(5) gauge
symmetry and a non-supersymmetric point with SO(3) residual gauge symmetry. The
theory has also been studied in the context of holographic superconductor in [16]. The
non-supersymmetric critical point is perturbatively stable with all mass-squares above
the BF-bound.
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Unlike the four dimensional analogue which has maximally supersymmetric AdS4
ground state, we will find that the reduced theory in three dimensions admits only a
1
2
-BPS domain wall as a vacuum solution. This is in contrast to compact and non-
compact gaugings of the same theory studied in [17] that admits maximally supersym-
metric AdS3 critical points. The loss of supersymmetry after S
1 reduction has been
pointed out in the context of non-semisimple gaugings in three dimensions in [10]. A
general result on S1 reduction of AdS spaces has been given in [18]. There are many
known 1
2
-BPS domain walls in higher dimensional gauged supergravities, see for exam-
ple [19, 20, 21, 22, 23, 24] as well as in lower dimensions, see [25] and [26] for three-
and two-dimensional solutions. These domain walls are important in the context of
the DW/QFT correspondence [27, 28, 29] which is a generalization to non-conformal
field theories of the original AdS/CFT correspondence [30]. They are also useful in the
study of domain wall/cosmology [31, 32, 33].
The paper is organized as follow. In section 2, we review the general structure of
N extended gauged supergravities in three dimensions including all relevant formulae
and notations. The SO(5)⋉T10 gauged supergravity and the associated domain wall
solution are discussed in section 3. We then discuss possible higher dimensional origin
of the resulting theory from S1 dimensional reduction of N = 5 SO(5) gauged super-
gravity in four dimensions. We finally give some conclusions and comments in section
5. All details and explicit calculations are given in appendix A. In appendix B, we will
explore possible non-semisimple gauge groups of N = 9 gauged supergravity in three
dimensions.
2. N = 10 gauged supergravity in three dimensions with non-
semisimple gauge groups
Before going to the detail of the construction, we briefly review the general structure
of three dimensional gauged supergravities and apply it to the construction of N = 10
gauged supergravity with non-semisimple gauge group SO(10)⋉T10. We will keep the
number of supersymmetry to be N for conveniences and later set N = 10. In general,
the matter coupled supergravity in three dimensions is in the form of a non-linear sigma
model coupled to supergravity. For N > 4, supersymmetry demands that the scalar
target manifold must be a symmetric space of the form G/H in which G and H are
the global symmetry group and its maximal compact subgroup, respectively [34]. In
particular, for N > 8, supersymmetry determines the scalar manifold uniquely. In the
present case of N = 10, the scalar manifold is given by the coset space E6(−14)/SO(10)×
U(1) which is a 32-dimensional Kahler manifold.
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Coupling of the sigma model to N-extended supergravity requires the presence of
N−1 almost complex structures fP , P = 2, . . . , N on the scalar manifold. The tensors
f IJ = f [IJ ], I, J = 1, . . . , N , constructed by the relation
f 1P = −fP1 = fP , fPQ = f [PfQ] . (2.1)
generate the SO(N) R-symmetry in a spinor representation under which scalar fields
transform. On symmetric scalar manifolds of the form G/H , the maximal compact
subgroup H = SO(N) × H ′ contains the R-symmetry SO(N) and another compact
subgroup H ′ commuting with SO(N). In N = 10 theory, the group H ′ is simply
U(1). The G-generators tM,M = 1, . . . , dimG, can be split into (T IJ , Xα) generating,
respectively, SO(N) × H ′ and non-compact generators Y A corresponding to dimG −
dimH scalars. The global symmetry group G is characterized by the following algebra
[
T IJ , TKL
]
= −4δ[I[KTL]J ], [T IJ , Y A] = −1
2
f IJ,ABYB,[
Xα, Xβ
]
= fαβγX
γ,
[
Xα, Y A
]
= hα AB Y
B,
[
Y A, Y B
]
=
1
4
fABIJ T
IJ +
1
8
Cαβh
βABXα . (2.2)
The tensors f IJ are related to SO(N) gamma matrices, ΓI
AA˙
in which A and A˙ label
spinor and conjugate spinor representations, respectively, by
f IJ = −1
2
ΓIJ = −1
4
(
ΓIΓJ − ΓJΓI) . (2.3)
Cαβ and f
αβ
γ are H
′ invariant tensor and H ′ structure constants, respectively. The H ′
group is generated in the SO(N) spinor representation by matrices hα AB . The coset
manifold whose coordinates are given by d = dim(G/H) scalar fields φi, i = 1, . . . , d
can be described by a coset representative L. The usual formulae for a coset space are
L−1tML =
1
2
VMIJT IJ + VMαXα + VMAY A, (2.4)
L−1∂iL =
1
2
QIJi T
IJ +Qαi X
α + eAi Y
A (2.5)
which will be useful later on. eAi is the vielbein on the scalar manifold while Q
IJ
i and
Qαi are SO(N) × H ′ composite connections. Scalar matrices V will be used to define
the moment maps below.
Gaugings of supergravities in various space-time dimensions are efficiently described
in a G-covariant way by the so-called embedding tensor formalism [1]. In essence, the
embedding tensor ΘMN is a symmetric gauge invariant tensor that acts as a projector
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from the global symmetry group G to a particular gauge group. Gauge covariant
derivatives describing the minimal coupling of the gauge fields AMµ to other fields also
involve the embedding tensor. For example, the covariant derivative on scalar fields is
given by
Dµφi = ∂µφi + gΘMNAMµ XN i (2.6)
where XN i are Killing vectors generating isometries on the scalar manifold and g is the
gauge coupling constant.
In order to define a viable gauging, the embedding tensor has to satisfy the so-called
quadratic constraint
ΘPLf
KL
(MΘN )K = 0, (2.7)
which is the requirement that the gauge generators ΘMN t
N form a closed algebra, or
equivalently the gauge group is a proper subgroup of G. Furthermore, for supersym-
metry to be preserved in the gauging process, the embedding tensor needs to satisfy
the projection constraint
PR0ΘMN = 0 . (2.8)
This condition comes from supersymmetry, but it should be noted that the constraint
in this form is obtained by regarding the scalar manifold to be a symmetric space.
It is useful to introduce the T-tensor given by the moment map of the embedding
tensor by scalar matrices VMA, obtained from (2.4),
TAB = VMAΘMNVNB . (2.9)
The T-tensor transforms under the maximal compact subgroup H and consists of var-
ious components such as T IJ,KL, T IJ,A and TA,B. Since fermions transform under H ,
the fermion couplings will be written in term of the T-tensor or linear combinations of
its components as we will see below. For any supersymmetric gauging, supersymmetry
requires only that the T-tensor satisfies the projection
P⊞T
IJ,KL = 0 (2.10)
where ⊞ is the Riemann tensor-like representation of SO(N). In the case of symmetric
scalar manifolds which are of interest in this paper, this constraint can be lifted to
the constraint on the embedding tensor given in (2.8) in which the G-representation
R0, branched under SO(N), contains ⊞ representation of SO(N). Any subgroup of
G whose embedding tensor satisfies the above constraints is called admissible gauge
group.
In general, gaugings need some modifications to the original ungauged Lagrangian
by fermionic mass-like terms and a scalar potential, at order g and g2, respectively.
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Also, the supersymmetry transformation rules need to be modified at order g. In what
follow, we will need the scalar potential and fermionic supersymmetry transformations.
They are written in terms of the AIJ1 and A
IJ
2i tensors which are in turn constructed
from various components of the T-tensor
AIJ1 = −
4
N − 2T
IM,JM +
2
(N − 1)(N − 2)δ
IJTMN,MN , (2.11)
AIJ2j =
2
N
T IJj +
4
N(N − 2)f
M(Im
j T
J)M
m +
2
N(N − 1)(N − 2)δ
IJfKL mj T
KL
m .
(2.12)
The scalar potential is simply given by
V = − 4
N
g2
(
AIJ1 A
IJ
1 −
1
2
NgijAIJ2i A
IJ
2j
)
. (2.13)
The metric gij on the target manifold is related to the vielbein by gij = e
A
i e
A
j . We also
note here that the quadratic constraint (2.7) can be written in terms of AIJ1 and A
IJ
2i
as
2AIK1 A
KJ
1 −NAIKi2 AJK2i =
1
N
δIJ
(
2AKL1 A
KL
1 −NAKLi2 AKL2i
)
. (2.14)
The fermionic field content of the N extended supergravity in three dimensions con-
sists of N gravitini ψIµ and d spin-
1
2
fields χiI . The latter is written in an overcomplete
basis and subject to the projection constraint
χiI =
1
N
(
δIJδij − f IJij
)
χjJ (2.15)
giving rise to d independent χiI fields. The fermions χiI can be redefined such that
they transform in a conjugate spinor representation of SO(N) via [4]
χA˙ =
1
N
eAi Γ
I
AA˙
χiI . (2.16)
The corresponding supersymmetry transformations are as follow:
δψIµ = DµǫI + gAIJ1 γµǫJ , (2.17)
δχiI =
1
2
(δIJ1− f IJ)i jD/φjǫJ − gNAJIi2 ǫJ (2.18)
where only relevant terms are given and
DµǫI = ∂µǫI + 1
4
ωabµ γab + ∂µφQ
IJ
i ǫ
I + gΘMNA
M
µ VN IJǫJ . (2.19)
– 5 –
Gauge groups of interest to us are non-semisimple groups of the form G0⋉T
dimG.
The translational symmetry TdimG consists of dimG commuting generators which
transform as an adjoint representation under G0. This type of gauge groups gives
rise to the on-shell equivalent Yang-Mills gauged supergravity coming from dimen-
sional reductions of some higher dimensional theory. The G0 ⋉ T
dimG gauge group
whose generators are respectively Jm and Tm, m = 1, . . . , dimG is characterized by
the following algebra
[Jm, Jn] = fmnkJ
k, [Jm, T n] = fmnkT
k, [Tm, T n] = 0 (2.20)
where fmnk are G0 structure constants. We will denote the G0 and T
dimG parts of the
gauge group by a and b, respectively. As shown in [5], the corresponding embedding
tensor consists of two parts, one with the coupling between a and b types Θab and the
other with the coupling between b and b types Θbb. The full embedding tensor can be
written as
Θ = g1Θab + g2Θbb (2.21)
with g1 and g2 being the coupling constants. Supersymmetry constraint (2.8) may
impose some relation on g1 and g2 such that eventually there is only one coupling. Both
Θab and Θbb are given by the Cartan-Killing form of G0, η
G0
mn, which is non-degenerate
since G0 is semisimple. The above information is sufficient for our discussion in this
paper. The interested readers are invited to consult [4] and [5] for more a detailed
discussion about three dimensional gauged supergravity with non-semisimple gauge
groups.
3. SO(5)⋉T10 gauged supergravity and 1
2
-BPS domain wall so-
lution
In this section, we explicitly construct N = 10 gauged supergravity with SO(5)⋉T10
gauge group. We begin with the scalar manifold E6(−14)/SO(10) × U(1) and use E6
generators given in [35] and [36]. The non-compact form E6(−14) is constructed by using
the “Weyl unitarity trick”. We follow the same construction and notation as in [17] to
which we refer the readers for more details.
The 78 generators of E6 constructed in [36] are labeled by ci, i = 1, . . . , 78. The
SO(10) R-symmetry is generated by ci, i = 1, . . . , 21, 30, . . .36, 45, . . . , 52, 71, . . . , 78
and c˜53. We need to relabel these generators to the form of T
IJ in our SO(N) covariant
formalism. This has already been done in [17], but we will repeat it in appendix A for
convenience. The group H ′ = U(1) is generated by c˜70 whose definition and that of c˜53
– 6 –
can be found in appendix A.
The non-compact generators can be identified as
Y A =


icA+21 for A = 1, . . . , 8
icA+28 for A = 9, . . . , 16
icA+37 for A = 17, . . . , 32
. (3.1)
We can then use (2.2) to extract the tensors f IJ whose components are computed by
f IJAB = −
1
3
Tr
([
T IJ , Y A
]
Y B
)
. (3.2)
Notice that the generators have normalizations Tr(T IJT IJ) = −6 and Tr(Y AY A) = 6,
no sum on IJ and A.
We now construct generators of the gauge group SO(5) ⋉ T10. This group is
embedded in USp(4, 4) ⊂ E6(−14). The maximal compact subgroup USp(4)×USp(4) ⊂
USp(4, 4) is identified as the SO(5) × SO(5) subgroup of the R-symmetry SO(10).
Recall that the 32 scalars transform as 16++16− under SO(10)×U(1). Under SO(5)×
SO(5), the scalars transform as
16+ + 16− = (4, 4)+ + (4, 4)− . (3.3)
We then identify SO(5) part of the gauge group as the diagonal subgroup SO(5)diag ⊂
SO(5)× SO(5) under which scalars transform as
16+ + 16− = (4× 4)+ + (4× 4)−
= (1+ 10+ 5)+ + (1+ 10+ 5)− . (3.4)
In this decomposition, we see that there are two singlets under SO(5)diag. The adjoint
representation 10+ and 10− will be used to construct the translational generators of
T10.
The explicit form of the corresponding gauge generators are as follow. The SO(5)diag
generators are given by
J ij = T ij + T i+5,j+9, i, j = 1, . . . , 5 (3.5)
while the T10 generators are found to be
tij = T ij − T i+5,j+5 + Y˜ ij , , i, j = 1, . . . , 5 (3.6)
where Y˜ ij are given in appendix A.
The embedding tensor is of the form
Θ = g1Θab + g2Θbb (3.7)
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where Θab and Θbb are given by the Cartan-Killing form of SO(5). The supersymmetry
constraint requires g2 = 0 meaning that there is no coupling among T
10 generators.
This is similar to N = 16 and N = 8 theories with SO(8)⋉ T28 gauge group studied
in [10, 25].
We are now in a position to study the scalar potential of the resulting gauged
supergravity. Following the technique of [37], we begin with scalar fields which are
singlets under the semisimple part of the gauge group, SO(5). They are given by 1±
in (3.4) and correspond to the non-compact generators
Ys1 = Y3 − Y5 − Y12 + Y16 + Y17 − Y18 + Y27 + Y29,
Ys2 = Y4 + Y8 + Y11 + Y13 + Y22 − Y23 + Y28 − Y32 . (3.8)
Accordingly, the coset representative is parametrized by
L = eaYs1ebYs2 . (3.9)
Using the formulae (A.4) and (A.5), we can compute AIJ1 and A
IJ
2i by using a computer
program Mathematica. The scalar potential is computed to be
V = −6e4(a−b) (1 + e8b) g2 (3.10)
where we have denoted g1 simply by g. The presence of the e
a factor implies that the
potential has no critical point. We then expect the vacuum solution to be a domain
wall.
To find a domain wall solution, we adopt the usual domain wall ansatz for the
metric
ds2 = e2Adx21,1 + dr
2 . (3.11)
The supersymmetry transformation of χiI , δχiI = 0 from equation (2.18), gives the
following equations
b′γrǫ
I +
1
2
g(1− e4b)e2(a−b)ǫI = 0, I = 1, . . . , 5, (3.12)
b′γrǫ
I − 1
2
g(1− e4b)e2(a−b)ǫI = 0, I = 6, . . . , 10, (3.13)
a′γrǫ
I − g e
2(a+b)(1+e4b)
1 + e8b
ǫI = 0, I = 1, . . . , 5, (3.14)
a′γrǫ
I + g
e2(a+b)(1+e
4b)
1 + e8b
ǫI = 0, I = 6, . . . , 10 (3.15)
where we have used ′ to denote the derivative d
dr
and φA
′
= 1
6
Tr
(
L−1L′Y A
)
. We will
now impose the projection conditions γrǫ
I = −ǫI for I = 1, . . . , 5 and γrǫI = ǫI for I =
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6, . . . , 10. ǫI has two real components. The projectors then reduce the supersymmetry
by a fraction of 1
2
. With these two projectors, we end up with two independent equations
b′ =
1
2
g(1− e4b)e2(a−b), (3.16)
a′ = −g e
2(a+b)(1+e4b)
1 + e8b
. (3.17)
The supersymmetry variation of the gravitini ψIµ, δψ
I
µ = 0 from equation (2.17) after
using the above projectors, gives rise to
e4b = 1, (3.18)
A′ = 2g
(
1 + e4b
)
e2(a−b) (3.19)
where we have used the spin connection ωνˆrˆµˆ = A
′δνˆµˆ with µˆ, νˆ = 0, 1.
We see from (3.18) that supersymmetry demands b = 0. Equation (3.16) is now
trivially satisfied, and equation (3.17) becomes
a′ + e2ag = 0 . (3.20)
The solution is easily obtained to be
a = −1
2
ln (2gr + C1) (3.21)
where C1 is an integration constant. Substituting into equation (3.19) gives
A′ = 4ge2a =
4g
C1 + 2gr
(3.22)
whose solution is, with another integration constant C2,
A = C2 + 2 ln (2gr + C1) . (3.23)
As in other solutions of this type, the residual supersymmetry is generated by the
Killing spinors given by ǫi = e
A
2 ǫi0±, i = 1, . . . , 5 with the constant spinors ǫ
i
0± satisfy-
ing γrǫ
i
0± = ±ǫi0±. The full symmetry of this solution is ISO(1, 1)× SO(5) with the
unbroken N = (5, 5) Poincare supersymmetry in notation of the dual two-dimensional
field theory.
The two integration constants C1 and C2 can be set to zero by shifting the coor-
dinate r and rescaling the coordinates xµ. We can also write down the solution in the
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form of warped AdS3 by introducing the new coordinate ρ via ρ = − 14g2r in term of
which the metric becomes
ds2 =
1
(4g2ρ)2
(
dx21,1 + dρ
2
ρ2
)
. (3.24)
We end this section by considering subgroups of SO(5)⋉T10 namely SO(4)⋉T6
and (SO(3)⋉T3)× (SO(2)⋉T1) ∼ U(2)⋉T4. It can be checked that both of them
are not admissible.
4. Higher dimensional origin
In this section, we discuss higher dimensional origin of the SO(5) ⋉ T10 N = 10
gauged supergravity constructed in the previous section. By the general result of [5],
this theory is on-shell equivalent to the SO(5) Yang-Mills gauged supergravity which
can be obtained from S1 reduction of N = 5 gauged supergravity in four dimensions
with SO(5) gauge group. The four dimensional theory has been constructed in [14]
and can be obtained as a truncation of the maximal N = 8 gauged supergravity.
In the notation of [14], the field content of this theory contains one graviton eaM or
gMN , five gravitini ψ
i
M , eleven spin-
1
2
fields χijk and χ678, ten scalars φi and φi living
in the coset space SU(5, 1)/U(5) and ten vector fields AijM being SO(5) gauge fields.
Here, M,N = 0, 1, 2, 3 and a, b = 0, 1, 2, 3 are four dimensional space-time and tangent
space indices respectively while i, j = 1, . . . , 5 are SU(5) indices except for AijM which
transform in the adjoint representation of SO(5).
If we reduce this theory on S1 along the x3 direction, we find the following fields in
three dimensions. The metric gMN gives the non-dynamical three dimensional metric
gµν , the graviphoton gµ3 and a scalar g33. The SO(5) gauge fields result in the three
dimensional gauge fields of the same gauge group Aijµ and ten scalars A
ij
3 transforming
in the adjoint representation of SO(5). Finally, the ten scalars (φi, φi) obviously become
the three dimensional scalars.
A spinor in four dimensions give rise to two spinors in three dimensions. We then
obtain ten gravitini ψiµ from ψ
i
M and ten spin-
1
2
fields ψi3. There are additional 20 + 2
spin-1
2
fields from the reduction of χijk and χ678, respectively. In three dimensions,
the metric and gravitini do not have any dynamics. We then find 32 fernionic on-shell
degrees of freedom from (ψi3, χ
678, χijk). We can also dualize Aijµ and gµ3 to 10 + 1
scalars. All together, we end up with 32 scalars from (φi, φi, g33, gµ3, A
ij
µ , A
ij
3 ). This is
the same as in N = 10 gauged supergravity.
We give SO(5)gauge representations of the reduced fields in table 4 from which we
have omitted the non-dynamical fields gµν and ψ
i
µ. We have kept φ
i and φi separately
– 10 –
3D fields SO(5) representation number of degrees of freedom
g33 1 1
gµ3 1 1
φi 5 5
φi 5 5
Aijµ 10 10
Aij3 10 10
ψi3 5 10
χ678 1 2
χijk 10 20
Table 1: Representations of three dimensional fields resulted from S1 reduction of N = 5
gauged supergravity in four dimensions.
to emphasize their four dimensional origin. We now consider the representation of the
32 scalars in E6(−14)/SO(10) × U(1) coset space under the SO(5) part of the gauge
group. Recall that under SO(10)× U(1), the scalars transform as 16+ + 16−. Under
SO(10)×U(1) ⊃ SU(5)×U(1)×U(1) ⊃ SO(5) in which the U(1) is the U(1) subgroup
of U(5) ⊂ SO(10), we find
16+ + 16− → (1−5 + 5¯3 + 10−1)+ + (1−5 + 5−3 + 101)−
→ (1+ 5+ 10) + (1+ 5+ 10) (4.1)
We find perfect agreement with table 4. Reference [38] is very useful in this decom-
position. In the formalism of [4], the fermions χA˙ transform as 10
+
+ 10− under
SO(10) × U(1). Similar decomposition gives 2 × (1 + 5 + 10) under SO(5) gauge
group. This is again the representations obtained from S1 reduction shown in table 4.
The result of [39] suggests that three dimensional supergravity with E6 coset manifold
can be obtained from dimensional reduction on a torus, S1 in the present case, of a
supergravity theory with A5 coset manifold in four dimensions. Reference [39] consider
only maximally non-compact E6 and other types Lie groups. The result here should
provide an example of a non-maximally non-compact E6 (E6(−14)) coset obtained from
a non-maximally non-compact A5 SU(5, 1) coset in four dimensions. Furthermore, the
general formulae for toroidal reductions given in the appendix of [39] should also be
applicable in this case.
5. Conclusions and discussions
In this paper, we have constructed N = 10 SO(5)⋉T10 gauged supergravity in three
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dimensions. We have found that the resulting theory admits a 1
2
-BPS domain wall as
a vacuum solution. The solutions preserves N = (5, 5) Poincare supersymmetry in two
dimensions with ten supercharges. The solution is similar to the domain wall from the
S7 compactification of type II string theory discussed in [40]. This solution is the vac-
uum solution of the maximal N = 16 SO(8)⋉ T28 gauged supergravity. The solution
given here provides an example of a domain wall in non-maximal gauged supergravity
and might be useful in the DW/QFT correspondence as well as its applications.
We have also discussed possible higher dimensional origin of this theory. This is
given by S1 reduction of N = 5 SO(5) gauged supergravity in four dimensions. We
have found that the spectrum of the reduction matches with the constructed three
dimensional gauged supergravity. If the N = 5 four dimensional theory is reduced on
S1/Z2, it could give rise to N = 5 gauged supergravity in three dimensions. Indeed,
the latter in general has scalar manifold USp(4, k)/USp(4) × USp(k) [34]. We have
seen that the SO(5)⋉T10 gauge group is embedded in USp(4, 4) ⊂ E6(−14). We then
expect that N = 5 SO(5) gauged supergravity in four dimensions reduced on S1/Z2
should give N = 5 SO(5) ⋉ T10 gauged supergravity in three dimensions with scalar
manifold USp(4, 4)/USp(4)×USp(4) containing 16 scalars. It turns out that the latter
theory admits SO(5) ⋉ T10 gauge group. The details will be reported in subsequent
work [41]. Unlike the N = 10 theory, the N = 5 truncation admits maximally su-
persymmetric AdS3 vacuum solution. This truncation should be similar to the case of
N = 8 SO(8)⋉T28 gauged supergravity with SO(8, 8)/SO(8)×SO(8) scalar manifold
studied in [25]. This theory is a truncation of N = 16 SO(8)⋉T28 gauged supergravity
with scalar manifold E8(8)/SO(16).
Due to the similar structure as in the above examples, we would like to briefly dis-
cuss the case of N = 12 gauged supergravity. The scalar manifold is the 64-dimensional
quaternionic manifold E7(−5)/SO(12)×SU(2). The gauge group should be SO(6)⋉T15
embedded in SU(4, 4) ⊂ E7(−5). The SO(6) is again identified as SO(6)diag ⊂ SO(6)×
SO(6) ⊂ SO(12). The 64 scalars transform under SO(12)×SU(2) as (32, 2) and under
SO(6)×SO(6)×SU(2) as ((4, 4¯)+(4, 4¯), 2). Then, under the SO(6) part of the gauge
group, we find the representation for scalars ((4× 4¯+4× 4¯), 2) = (1+15+1+15, 2).
The non-compact generators in the 15 should combine with SO(6)×SO(6) generators
to form the T15 part of the gauge group. The fermions transform as (32, 2) under
SO(12)× SU(2) and ((4, 4) + (4¯, 4¯), 2) under SO(6)× SO(6)× SU(2). Under SO(6),
they transform as (10+ 6+ 10+ 6, 2).
We now consider S1 reduction of N = 6 SO(6) gauged supergravity in four dim-
neions which is also a truncation of N = 8 SO(8) gauged supergravity [42]. The bosonic
fields are (gMN , φ
AB, φAB, A
AB
M , AM) where the 30 scalars (φ
AB, φAB) live in the coset
space SO∗(12)/U(6) and A,B = 1, . . . , 6, see [42] for more detail. The fermionic fields
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are given by (ψAM , χ
A, χABC). After S1 reduction, the dynamical bosonic fields are given
by (gµ3, g33, φ
AB, φAB, Aµ, A3, A
AB
µ , A
AB
3 ) transforming as (1 + 1 + 15 + 15 + 1 + 1 +
15 + 15) under SO(6) gauge group. After dualizing the vector fields, we end up with
64 scalars with correct SO(6) representations as in N = 12 gauged supergravity. The
reduced dynamical fermionic fields are (ψA3 , χ
ABC , χA) transforming under SO(6) as
2× (6+10+10+6) which are indeed the same as those in N = 12 theory. The factor
of 2 comes from the fact that a four dimensional spinor gives two three dimensional
spinors.
Finally, similar to the discussion in the N = 5 case, we expect that the S1/Z2
reduction should give N = 6 SO(6) ⋉ T15 gauged supergravity on three dimensions
with scalar manifold SU(4, 4)/S(U(4)×U(4)) whose compact and non-compact gauge
groups have been explored in [43]. The possibility of non-semisimple gauge groups is
under investigation [41].
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A. Useful formulae and details
In this appendix, we give some details of N = 10 gauged supergravity with SO(5) ⋉
T10 gauge group constructed in the main text. First of all, the SO(10) R-symmetry
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generators T IJ are explicitly given by
T 12 = c1, T
13 = −c2, T 23 = c3, T 34 = c6, T 14 = c4, T 24 = −c5,
T 15 = c7, T
25 = −c8, T 35 = c9, T 45 = −c10, T 56 = −c15, T 16 = c11,
T 26 = −c12, T 46 = −c14, T 36 = c13, T 17 = c16, T 27 = −c17, T 47 = −c19,
T 37 = c18, T
67 = −c21, T 57 = −c20, T 78 = −c36, T 18 = c30, T 28 = −c31,
T 48 = −c33, T 38 = c32, T 68 = −c35, T 58 = −c34, T 29 = −c46, T 19 = c45,
T 49 = −c48, T 39 = c47, T 69 = −c50, T 59 = −c49, T 89 = −c52, T 79 = −c51,
T 1,10 = −c71, T 2,10 = c72, T 3,10 = −c73, T 4,10 = c74, T 5,10 = c75,
T 6,10 = c76, T
7,10 = c77, T
8,10 = c78, T
9,10 = −c˜53 (A.1)
where c˜53 and c˜70 are defined by [36]
c˜53 =
1
2
c53 +
√
3
2
c70 and c˜70 = −
√
3
2
c53 +
1
2
c70 . (A.2)
Also, notice a typo in the sign of T 9,10 in [17].
The Y˜ ij part of the translational generators T10 is constructed from the following
non-compact generators
Y˜ 12 =
1
2
(Y3 − Y12 + Y17 + Y29 + Y5 − Y16 + Y18 − Y27) ,
Y˜ 13 =
1
2
(Y2 + Y14 + Y21 − Y26 − Y1 + Y15 − Y19 − Y25) ,
Y˜ 14 =
1
2
(Y31 − Y7 − Y6 − Y30 − Y9 + Y10 + Y20 − Y24) ,
Y˜ 15 =
1
2
(Y15 − Y14 + Y25 − Y26 − Y1 − Y2 + Y19 + Y21) ,
Y˜ 23 =
1
2
(Y1 + Y2 + Y15 − Y14 + Y19 + Y21 − Y25 + Y26) ,
Y˜ 24 =
1
2
(Y10 + Y9 − Y30 − Y31 + Y6 − Y7 − Y20 − Y24) ,
Y˜ 25 =
1
2
(Y2 − Y1 − Y25 − Y26 − Y14 − Y15 + Y19 − Y21) ,
Y˜ 34 =
1
2
(Y8 − Y4 − Y11 − Y28 + Y13 − Y32 + Y22 + Y23) ,
Y˜ 35 =
1
2
(Y18 + Y17 − Y12 + Y27 − Y29 − Y16 − Y5 − Y3) ,
Y˜ 45 =
1
2
(Y8 + Y4 − Y11 − Y28 − Y13 + Y32 − Y23 + Y22) . (A.3)
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This choice is of course not unique.
The scalar matrices for the moment maps are given by
V ij,IJa = −
1
6
Tr(L−1J ijLT IJ),
V ij,IJb = −
1
6
Tr(L−1tijLT IJ),
V ij,Aa =
1
6
Tr(L−1J ijLY A),
V ij,Ab =
1
6
Tr(L−1tijLY A) (A.4)
from which the T-tensor follows
T IJ,KL = g
(
V ij,IJa V ij,KLb + V ij,IJb V ij,KLa
)
T IJ,A = g
(
V ij,IJa V ij,Ab + V ij,IJb V ij,Aa
)
(A.5)
Using these together with (2.11), (2.12) and (2.13), we can find the tensors AIJ1 and
AIJ2i as well as the scalar potential.
B. Non-semisimple gauging of N = 9 gauged supergravity in
three dimensions
We will consider N = 9 gauged supergravity in three dimensions. The corresponding
scalar manifold is given by the 16-dimensional F4(−20)/SO(9) coset space. Some vacua
of the compact and non-compact gaugings of this theory have been studied in [44]. In
this appendix, we will explore the possibilities of non-semisimple gauge groups which
are crucial for embedding the theory in higher dimensions. Notice that the construction
of E6 given in [36] is based on the F4 group given in [35]. We can simply remove the last
26 matrices ci, i = 53, . . . , 78 from E6 to get the group F4 generated by ci, i = 1, . . . , 52
as has been used in [44]. All 52 matrices are effectively 26 × 26 matrices since all
elements in the last row and last column are zero.
The SO(9) R-symmetry generators are T IJ in (A.1) with I, J = 1, . . . , 9, and non-
compact generators are the first 16 generators of (3.1), Y A, A = 1, . . . , 16. In the
case of F4(4)/USp(6) × SU(2) which is a scalar manifold of N = 4 theory studied in
[45], SO(4)⋉T6 can be gauged consistently with supersymmetry by the embedding of
SO(4)⋉T6 in SO(5, 4) ⊂ F4(4). In the present case, the embedding of SO(3)⋉T3 in
USp(2, 2) ⊂ USp(4, 2)× SU(2) ⊂ F4(−20) should be possible.
To identify generators of this group, we first consider the SO(4)⋉T6 subgroup of the
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SO(5)⋉T10 in section 3. Obviously, the SO(4) part is generated by J ij , i, j = 1, . . . , 4.
We then consider Y˜ ij with i, j = 1, . . . , 4. It can be verified that by removing Y17 to
Y32 form Y˜
ij , the resulting generators, see appendix A,
Y˜ 12 =
1
2
(Y3 − Y12 + Y5 − Y16) ,
Y˜ 13 =
1
2
(Y2 + Y14 − Y1 + Y15) ,
Y˜ 14 =
1
2
(Y10 − Y7 − Y6 − Y30 − Y9) ,
Y˜ 23 =
1
2
(Y1 + Y2 + Y15 − Y14) ,
Y˜ 24 =
1
2
(Y10 + Y9 + Y6 − Y7) ,
Y˜ 34 =
1
2
(Y8 − Y4 − Y11 + Y13) (B.1)
still transform in the adjoint representation of SO(4). It turns out that when combined
into tij , the resulting generators do not commute. Therefore, it is not possible to find
SO(4)⋉T6 subgroup of F4(−20). On the other hand, we can form two SU(2)± subgroups
from these generators by introducing the self-dual and anti-self-dual SO(4) generators
J1+ = J
12 + J34, J2+ = J
13 − J24, J3+ = J14 + J23,
t1+ = t
12 + t34, t2+ = t
13 − t24, t3+ = t14 + t23 (B.2)
and
J1− = J
12 − J34, J2− = J13 + J24, J3− = J14 − J23,
t1− = t
12 − t34, t2− = t13 + t24, t3− = t14 − t23 . (B.3)
It can be readily verified that each set of generators forms SO(3)⋉T3 ∼ SU(2)⋉T3
algebra but generators ta± from the two sets do not commute with eachMo other.
Although this subgroup can be embedded in F4(−20), it is not admissible namely it
cannot be gauged in a way that is consistent with supersymmetry. Embedding in
higher dimensions aside, it seems to be difficult (if possible) to find non-semisimple
gaugings of the N = 9 theory.
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